Background Although the increased risk of developing pancreatic cancer (PC) in families with a strong history of the disease is well known, characteristics and outcomes of patients with familial PC is not described well. Aims This study aims to evaluate outcomes following resection in patients with familial PC. Methods We studied 208 patients who underwent resection of PC from 2000 to 2007 and had prospectively completed family history questionnaires for the Biospecimen Resource for Pancreas Research at our institution. We compared clinical characteristics and outcomes of familial and sporadic PC patients. Results Familial (N=15) and sporadic PC patients (N=193) did not have significantly different demographics, pre-operative CA19-9, pre-operative weight loss, R0 status, or T-staging (all p≥ 0.05). Familial PC patients had lower pre-operative total serum bilirubin concentrations (p=0.03) and lesions outside of the pancreatic head more frequently (p=0.02) than sporadic PC patients. There was no difference in survival at 2 years between familial and sporadic PC patients (p=0.52). Conclusions Familial PC patients appear to develop tumors outside of the pancreatic head more frequently than sporadic PC patients. This difference in tumor distribution may be due to a broader area of cancer susceptibility within the pancreas for familial PC patients.
Background
The increased risk of developing pancreatic cancer (PC) in families with a strong history of the disease has been described increasingly since the late 1960s and early 1970s. [1] [2] [3] [4] [5] Since those initial reports, various studies have shown that 4-16% of patients who develop PC have a family history of PC. [6] [7] [8] These figures include patients with a variety of familial cancer syndromes such as hereditary nonpolyposis colorectal cancer syndrome (Lynch II variant), 9 Peutz-Jegher syndrome (PJS), 10 hereditary breast-ovarian cancer syndrome (BRCA2), 11 familial atypical multiple mole melanoma syndrome, 12 and hereditary pancreatitis. 13 Despite the association between these cancer syndromes and PC, most patients with familial PC do not have an identifiable syndrome or known genetic change. 14 Some patients with familial PC have features that could, in theory, affect outcomes. Specifically, familial PC patients with mutations in the Fanconi anemia/BRCA2 pathway are hypersensitive to a variety of chemotherapy agents, 15 patients with PJS may be predisposed to developing PC via intraductal papillary mucinous neoplasia (IPMN) and not pancreatic intraepithelial neoplasia (PanIN), 16 and patients with hereditary nonpolyposis colorectal cancer (HNPCC) have been shown to develop the medullary variant of pancreatic adenocarcinoma 17 ,18 which appears to be less lethal than typical PC. 19 Additionally, pancreatic specimens resected in familial PC patients can have multifocal precursor lesions producing a unique pattern of parenchymal atrophy and fibrosis which is not typically seen in sporadic PC.
14 Despite all of these unique associations, differences in clinical features and outcomes between familial PC and sporadic PC patients who undergo pancreatic resection is not described well.
Hypothesis/Study Aim
We hypothesized that familial PC patients and sporadic PC who undergo resection have different clinical features and survival. Our aim was to compare clinical features, pathology, and survival in familial PC patients to sporadic PC patients following pancreatic resection.
Methods
The Biospecimen Resource for Pancreas Research at our institution, supported by the Specialized Program of Research Excellence (SPORE) in Pancreatic Cancer (NCI P50CA102701), prospectively registered 326 patients who underwent resection of various pancreatic lesions from October 2000 to June 2007. Both the SPORE in pancreatic cancer and this study obtained full institutional review board approval at our institution prior to initiating the investigation. A final study sample was comprised of 234 patients who underwent resection of pancreatic ductal adenocarcinoma and had completed family history questionnaires in conjunction with registration into the Biospecimen Resource for Pancreas Research. Of these 234 patients, 208 had typical ductal adenocarcinoma and 26 had IPMN-invasive carcinoma. The group of 208 patients with typical ductal adenocarcinoma was the primary focus of this study (Fig. 1) . We compared demographics, pre-operative clinical variables, surgical variables, staging, and outcomes of patients with familial PC (patients with one or more first-degree relative with PC) to patients with sporadic PC (patients who did not meet familial PC criteria).
The clinical features of interest included age at resection (years), sex (male, female), body mass index (BMI; per admitting records), the symptoms of jaundice (per initial history), weight loss (per initial history), the use of adjuvant therapy (per oncology records), pre-operative serum total bilirubin concentration (mg/dL; within 30 days prior to operation), pre-operative serum CA 19-9 levels (U/L; within 30 days prior to operation), and lesion location per preoperative imaging (head or uncinate, body and/or tail, head and body, or other by magnetic resonance imaging or computed tomography). The surgical features of interest included type of resection (pancreatoduodenectomy, distal pancreatectomy, or total pancreatectomy per operative reports), and resection margins (R0 versus R1 or R2 per operative and pathology reports). The pathologic features of interest obtained from the surgical pathologic report included tumor size (mm), tumor grade (1-4), tumor stage (T1, T2, T3, T4), lymph node stage (N0, N1).
Surgical margins were assessed initially by intra-operative frozen section analysis and then by routine permanent section. This approach allowed re-resection to achieve negative margins during the initial operation. Patients with resected PC were staged according to guidelines in the American Joint Committee on Cancer-Cancer Staging Manual, 6 th edition. The surgical margins evaluated for pancreatoduodenectomy and total pancreatectomy specimens included the proximal common hepatic duct, pancreatic neck, margin at the uncinate process or the superior mesenteric artery, posterior, inferior, and superior (soft tissue) pancreatic margin, portal vein groove, and proximal duodenal margin if the patient was undergoing a pylorus-preserving resection. Margins evaluated for distal pancreatectomy specimens included the site of pancreatic transaction and radial pancreatic soft tissue.
Clinical, pathologic, and surgical features were compared between familial and sporadic PC patients using Wilcoxon rank sum, chi-square, and Fisher's exact tests. Overall survival and recurrence-free survival were estimated using the Kaplan-Meier method and compared between patient groups using log-rank tests. Statistical analyses were performed using the SAS software package (SAS Institute; Cary, NC, USA). All tests were two-sided and p values <0.05 were considered statistically significant.
Results

Clinical Features
Within the group of 208 patients who had typical ductal adenocarcinoma not associated with IPMN, there were 15 patients with familial PC and 193 patients with sporadic PC. These patients did not differ significantly in age, gender, pre-operative BMI or weight loss, pre-operative serum CA 19-9 level, and use of adjuvant therapy (all p≥ 0.05; Table 1 ). Familial PC patients had significantly lower pre-operative serum total bilirubin concentration and jaundice (p=0.03 each). A total of 13 of 15 familial PC patients had only one first-degree relative with PC; two of these 13 patients had a strong family history of breast cancer (BRCA 2 status unknown), one was a member of an HNPCC kindred, and another was part of the third successive generation with PC. Of the two patients with more than one first-degree relative with PC, one had a parent and a sibling with PC, and one patient had two siblings with PC. The only patient with a documented cancer syndrome or genetic change was the single patient who was part of a known HNPCC kindred as described above.
Pathology
Margin status, nodal status, tumor grade, and tumor diameter did not differ significantly between familial and sporadic PC patients (p>0.3; Table 1 ). Familial and sporadic PC patients had a marginally different T stage distributions (p=0.05); T2 lesions were present in 40% of familial PC patients compared to only 26% of sporadic PC patients. When comparing frequencies of lesions that were T3 or higher, however, there was no difference between familial and sporadic PC patients (60% and 72% respectively; p=0.38). Familial PC patients had lesions requiring pancreatoduodenectomy in 47%, distal pancreatectomy in 47%, and total pancreatectomy in 7% compared to 82%, 11%, and 2%, respectively, in sporadic PC patients (p= 0.007). There were no differences in overall or recurrencefree survival between familial PC and sporadic PC patients (all p≥0.5; Figs. 2 and 3) .
Inclusion of IPM-invasive Carcinoma Patients
There were no patients who met criteria for familial PC in the group of 26 patients with IPMN-invasive carcinoma. Inclusion of these 26 patients with the 193 patients who had sporadic and typical ductal adenocarcinoma, revealed no new associations with any of the variables studied (Table 2) . Pre-operative total serum bilirubin concentration, jaundice, resection type, and lesion location on imaging remained significantly different between familial PC patients and this larger group of patients with sporadic (p≤0.03).
Comparison of Resection Type and Tumor Location
The type of resection performed was compared to tumor location within the pancreas as depicted on preoperative imaging studies for all 234 patients assessed in this study. Pancreatic head and uncinate tumors were resected by pancreatoduodenectomy (PD) in 96% of patients. Body and/or tail lesions were resected by distal pancreatectomy in 92%. The location of the lesion on imaging was significantly associated with resection type (p<0.0001).
Analysis of Patients who did not Complete Family History Questionnaires
Family history questionnaires were not completed by 73 (24%) patients who had been consented for participation into the Biospecimen Resource for Pancreas Research but, otherwise, would have met inclusion criteria for our study.
Comparison of these 73 patients to the 234 patients who met final inclusion criteria revealed that patients who did not complete family history questionnaires had shorter overall survival (p=0.003) and a different distribution of resection types (p=0.01). Patients who completed family history questionnaires underwent PD in 80%, distal pancreatectomy in 18%, and total pancreatectomy in 3%; patients who did not complete family history questionnaires underwent PD in 85%, distal pancreatectomy in 7%, and total pancreatectomy in 8%. Lesion location on preoperative imaging, however, was not different between patients with and without completed family history questionnaires (p=0.09). There was no significant difference between these groups for any of the remaining variables studied in Tables 1 and 2 (p≥0.06).
Discussion
Our findings indicate that patients with familial PC required resections outside of the pancreatic head more frequently than sporadic PC patients. This difference correlates to a broader distribution of lesions within the pancreas on preoperative imaging for patients with familial PC. Serum total bilirubin was significantly lower in familial PC patients likely reflecting the differences in lesion distribution. Serum CA 19-9 trended towards higher concentrations in Fig. 2 Kaplan-Meier curve comparing overall survival following resection for familial PC patients compared sporadic PC patients Fig. 3 Kaplan-Meier curve comparing recurrence-free survival following resection for familial PC patients compared to sporadic PC patients familial PC patients, albeit not significantly (p=0.05), which may reflect a difference in tumor characteristics and not just lesion distribution. Interestingly, despite these differences, overall and recurrence-free survival was similar between familial PC and sporadic PC patients. There has been a wide variety of inclusion criteria in studies assessing the impact a family history has on the risk of developing PC. 20 We chose to study patients with one or more first-degree relative with PC which is in keeping with what the National Familial Pancreas Tumor Registry (NFPTR) at The Johns Hopkins Hospital considers familial PC: a parent-offspring pair or pair of siblings with pancreatic cancer in the kindred. 14 The risk of developing PC in first-degree relatives of patients with PC is about 6.5-fold greater than the background rate of 1:10,000 cases. When there are two relatives with PC, the risk of developing PC in first-degree relatives increases to 18-fold the background rate; with three affected relatives, the risk is increased to 57-fold. 21 These figures highlight not only the markedly increased risk of developing PC in firstdegree relatives of patients with PC but the rationale behind the NFPTR definition of familial PC.
As discussed previously, patients with PJS appear to develop PC via IPMN as opposed to PanIN. 16 In order to isolate these two proposed pathways for PC development, we chose to analyze our cohort with and without IPMN patients. There were no familial PC patients in the IPMN group. Conversely, of the 15 patients with familial PC, there were no patients diagnosed with PJS. In fact, only one patient was diagnosed with an inherited cancer syndrome out of the 15 patients with familial PC; this reflects the finding that a majority of familial PC patients do not have a documented cancer syndrome or genetic change.
14 Despite differences in lesions distribution, we were unable to show a difference in survival between familial PC and sporadic PC patients. Since October 2000, 69% of patients who were seen at our institution for pancreatic lesions were consented for inclusion in our institution's Biospecimen Resource for Pancreas Research. Additionally, familial PC patients represented 7% of the study sample. Although our percentage of familial PC mirrors rates found in other studies, [6] [7] [8] 20 both the overall recruitment rate (69%) and the percentage of familial PC patients in this study are potential limitations which may introduce selection bias and, by decreasing overall sample size, could affect our ability to detect a significant difference in survival and, perhaps, other variables studied. In order to detect a difference in survival of 50% versus 35% at 2 years between familial PC and sporadic PC patients (assuming 80% power and two-sided alpha of 0.05), we would need a sample size three times larger than in our current study. Given the use of prospectively collected family history questionnaires and our inclusion criteria, accruing a sample of this size would be difficult in a single institution.
The observed overall survival of familial PC patients may be affected by issues other than selection bias and sample size. It is plausible that familial PC patients seek medical care sooner than sporadic PC patients due to prior exposure and knowledge of the disease. Seeking earlier medical care could improve the overall survival of familial PC patients despite different tumor distribution.
Family history questionnaires were not completed by 73 (24%) patients who had been consented for participation into the Biospecimen Resource for Pancreas Research but, otherwise, would have met inclusion criteria for our study. In order to assess this possible selection bias, we compared these 73 patients to the 234 patients who met final inclusion criteria. Interestingly, these patient groups had different overall survival which limits the conclusions that can be inferred from our study particularly for survival. It is not clear why patients who did not complete family history questionnaires have lesser overall survival. It plausible but unsubstantiated that the burden of their disease may have affected their ability to complete all of the questionnaires associated with participation in the Biospecimen Resource for Pancreas Research. More importantly, it is unclear if this selection bias may have affected our ability to detect a difference between familial and sporadic PC patients for survival and even other variables investigated. A study assessing risk factors and outcomes in familial PC patients registered at the NFPTR, however, found no difference in survival as well between familial PC and sporadic PC patients. 22 Although resection types performed were different between patients who did and did not complete family history questionnaires, lesion location on pre-operative imaging was similar. The difference found for resection types is driven largely by a slightly higher percentage of patients who underwent total pancreatectomy in the group of patients who did not complete family history questionnaires compared to those who did complete the family history questionnaires (8% vs. 3%). Interestingly, these groups had an equal absolute number of patients who underwent total pancreatectomy (N=6). Therefore, the difference in resection type between patients who did and did not complete family history questionnaires does not indicate that the differences found for lesion location between sporadic and familial PC patients is biased.
The role of family history in the occurrence of pancreatic cancer highlights the importance of further investigation of this role and the need for delineating screening programs for familial PC kindreds. Although a few patients in this study were recruited into multi-institutional studies investigating screening programs for patients with familial PC, the patients in our study were not part of any broad clinical screening program. Despite current screening programs under investigation at other institutions, there are no evidence-based standard of care recommendations for screening and interventions (other than genetic testing) in familial pancreatic cancer. Furthermore, there is no screening modality of choice since interpretation of findings, particularly with endoscopic ultrasound (EUS), is not clear. Therefore, EUS is not routinely offered at Mayo as a matter of course; however, it is made available to family members who request it.
In conclusion, familial PC patients who undergo resection appear to develop tumors outside of the pancreatic head more frequently than sporadic PC patients, as reflected by differences in the types of resections performed. As a result of these findings, we hypothesize that patients with familial PC may have a broader or at least different area of cancer susceptibility within the pancreas than patients with sporadic PC. These findings highlight the need for further pathological, genetic, and molecular studies of familial PC.
